We investigated the mean-free path effects on the magnetoresistance of ferromagnetic nanocontacts. For most combinations of parameters the magnetoresistance monotonously decreases with increasing the contact cross-section. However, for a certain choice of parameters the calculations show non-monotonous behavior of the magnetoresistance in the region in which the diameter of the contact becomes comparable with the mean-free path of electrons. We attribute this effect to different conduction regimes in the vicinity of the nanocontact: ballistic for electrons of one spin projection, and simultaneously diffusive for the other. Furthermore, at certain combinations of spin asymmetries of the bulk mean-free paths in a heterocontact, the magnetoresistance can be almost constant, or may even grow as the contact diameter increases. Thus, our calculations suggest a way to search for combinations of material parameters, for which high magnetoresistances can be achieved not only at the nanometric size of the contact, but also at much larger cross-sections of nanocontacts which can be easier for fabriaction with current technologies. The trial calculations of the magnetoresistance with material parameters close to those for the Mumetal-Ni heterocontacts agree satisfactorily with the available experimental data.
Introduction
Magnetic point contacts showing an extraordinary high magnetoresistance (MR) [1] [2] [3] [4] [5] [6] [7] offer a feasible avenue to a new generation of nanosize read heads for computer hard disks [8] . Theoretical studies of the MR phenomenon in magnetic nanocontacts [2, [9] [10] [11] [12] [13] [14] were focused mainly on the contact size and conduction-band spin-polarization effects on the MR. Other important material parameters such as spin-dependent mean-free paths (MFP) of conduction electrons in contacting ferromagnetic metals had not been taken into account. At the same time, it is well known for cobalt and permalloy that the bulk spin-up and spin-down conduction electron MFP may differ one from the other by up to 7 times (see, for example, Refs. [15, 16] ). Then, at a certain contact size, one conductance spin channel can be in the ballistic conductance regime, while the second spin channel still remains in the diffusive conduction regime. The situation is complicated even more if a nanocontact is realized between two non-identical ferromagnets (ferromagnetic heterocontacts) [10, 17, 18] . The aim of this paper is to study the mean-free path effects on the MR of magnetic nanocontacts. a e-mail: Raphael.Deminov@ksu.ru
Magnetoresistance in ferromagnetic nanocontacts -mean-free path effects
In a previous paper [19] , we developed the quasiclassical theory of electric transport through magnetic nanocontacts. The theory is most general in considering the physical parameters of contacting ferromagnetic metals: the ferromagnets can be either identical or different, the Fermi momenta of conduction electrons spin subbands, as well as spin-dependent MFP of both ferromagnets can be arbitrary. In the paper [19] we studied in detail the influence of spin polarization and the mutual disposition of conduction bands for the case of ferromagnetic heterocontacts. To investigate effects of spin-dependent MFP we retrieve at first basic formulas for the conductance of a nanoscopic heterocontact obtained in reference [19] . The conductance for one of the two spin channels of conduction through the nanocontacts reads:
where
In the above formulas the subscript L or R refers to the left-or right-hand side of the contact, κ = kl L↑ and k are the renormalized wavenumber and the wavenumber of an electron, respectively. They lie in a plane perpendicular to the general direction of the current flow. The other notations are as follows:
F sin θ R has been used to bring the integration variables to the left-hand side incidence angle 
as follows:
characterizes the spin polarization of the conduction band of the left-(right-) hand side ferromagnetic metal.
In addition, the conductance of the contact depends on the ratio of the left-to the right-hand side mean-free paths, R L Rα . Then, provided that one of the MFP is known, for example, l L↑ , the other three can be retrieved with the use of the three parameters:
A somewhat complicated notations is the cost for the universality of the set of equations (1)-(13), describing four spin channel conductances which appear for the parallel (P) and antiparallel (AP) alignment of magnetizations (see below).
To account for a finite length of the nanocontact, we put a linear-profile domain wall in the constriction of the nanocontact [20] [21] [22] [23] . The angular-and spindependent quantum-mechanical coefficient of transmission D through the linear domain wall reads:
where 
